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(57) L mvctjiioa est uoe in«tbodc amcliortc pour 
determiner la cooceniradoo ^ compoMnto d un 
■neluge k inaJyscr cootenu d«as un flxiidc par des 
techniques d-immunochrocnalogrtphie dans IcsqueUc* 
on detennine q^antiuiivement par dca -mdvcia 
ins(njincntju.x. par cxemple au moycn d*im specmxii^ 
• refleciance. Ics canci^ristiqucs des sgnMx provcnant 
du panenaire capc^. Dva la coocreiisaiion pri%-ilcgice dc 
I invcniion, les reflecunoes des partcnuns capies et oon 
cap!<b sont mesiives dans des zones di^nctcs de U 
bandc inimunochromAiogripluquc. ct le rappon dc ces 
rcllcciances acrt d*in/bnnaiion quantiUUve addttiooDdle 
dans la rocthodc de dosage. Cc rappon peui £tre utilise 
avcc un dosage inui*unok>gique en sandwich, ou d»s le 
fonnat dans Ie«iuel le partenaire librtr ca capce par le 
melange imznobtltse. 



(57) Disclosed IS an impnned method for determining 
ihe ccncentratton of analyie in a lest lluid by 
immunochromaiography techniques which inv-olv^ 
quanouuvdy determining the sipiais from captumi 
labeled speciilc binding partner for the analyie b>- 
lasmuncnfaJ mean.5. e g reflc -lance speccrometiV In a 
prcfcTOi embodiment, a rcnccianoe reading is 
deicxminod for boch the cap<urcd and uncapmred labeled 
binding partner, which is capfurcd in a separate zone of 
the immimochromaiographic strip, and the ratio of these 
reflectances is used lo pro^^de adJjiionaJ quantitation to 
the assay method The raiioing technique can be 
with other a sandwich r> pe immunoa&y»v formal or the 
.OROal IB ubich the free labeled binding partner is 
captured by immobilized analvte 
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*BSTWACT OF THg DlSClJOSOWg 

Disclosed Is an improved method for determining the 
concentration of analyte in a test fluid by Immunochrometography 
techniques which Involves quantitatively deteralnlng the signals 
fro. captured labeled specific binding partner for the analyte by 
Instrumental means. e.g. reflectance spectrometry. r„ a 

preferred embodiment, a reflectance reading Is determined for 
both the captured and uncaptured labeled binding partner, which 
Is captured In a separate zone of the Immunochromatographlc 
strip, and the ratio of these reflectances Is used to provide 
additional quantitation to the assay method. The ratlolng 
technique can be used with either a sandwich typ. Immunoassay 
format or the format In which the free labeled binding partner Is 
captured by Immobilised analyte. 
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OUAOTITATIVB DETECTIOH or Al«AI,yTBS 
OK IXHUW OCHROWATOGRAPHrc STRIPS 

5 Background of the Invent low 

Immunochron,atogMphlc atrip formats ar* Increasingly popular 
for qualitative and 3e»l -quantitative assays which use visual 
detection schemes. This type of Immunoassay involves the 
application of a Uquld test sample suspected of containing an 
analyte to be detected to an application zone of an 
immunochromatographlc test strip. The strip is comprised of a 
matrix material through which the test fluid and analyte 
suspended or dissolved therein can flow by capillarity from the 
application zone to a detection zone where a visible signal, or 
aosence of such, reveals the presence of the analyte. Typically, 
the strip will Include means for Immunospecl f IcaUy binding the 
analyte to be detected with its specific binding partner which 
bears a detectable label. I„ one such scheme; as disclosed in 
U.S. Patent 4,446,232; the Strip contains an enzyme labeled, 
mobile binding partner for the analyte which is in a zone 
downstream from the sample application zone. if analyte Is 
present in the cest sample, it wiU combine with its labeled 
binding partner to form a complex which will flow along the atrip 
25 to a detectlc. zone which contains a substrate for the enzyme 
label capable of providing a colored response In the presence of 
the enzyme label. The strip -ay contain a zone m which analyte 
is immobilized, so that labeled binding partner which does not 
combine with analyte, due to absence of analyte in the sample, 
will be captured and thereby inhibited from reaching the 
detection zone. There have been published various modifications 
Of this technique, all of which involve some competitive specific 
binding system in which the presence or absence of analyte in the 
test sample is determined by the detection or lack thereof of 
35 labeled binding partner in the detection zone. m U.S. Patent 
4.868,108 there is disclosed a similar scheme with the addition 
of an immobilized capture reagent for the enzyme labeled binding 
partner in the detection zone to concentrate the enzyme label and 
enhance its ability to react with the enzyme substrate and 
hereby render the assay more sensitive. 
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An altornatlva to the above described Inmunfmetrlc^ assay 
Which detects the free labeled antibody (hereafter referred to as 
captured free format) i, the so called sandwich format m which 
the detection zone contains i««obill2ed antibodies against an 
epitope Of Che analyte which 1, different than that epitope to 
Which the labeled antibody I, specific. tn this format, there 1, 
formed , sandwich o, the analyte between the immobilized and 
labeled antibodies and it 1, therefore an immunometric assay 
which detects the bound labeled antibody species. 

Not all of the schemes for Immunochromatography rely on an 
enzyme labeled binding partner/enzyme substrate as providing the 
Signal for detection of the analyte. l„ U.S. Patent 4,806.311 
there i, disclosed a multizone test device for the specific 
binding a«ay determination of an anaiyte and an immobilized 
binding partner therefore together with a detection zone for 
receiving labeled reagent which migrates thereto from the reagent 
zone. The detection zone contains an immobilized form of a 
binding substance for the labeled reagent. The labeled reagent 
bears a detectable chemical group having a detectable physical 
property which is detectable on the basis of its own physical 
properties, so that it does not require a chemical reaction with 
another substance. Exemplary of such groups are colored specie, 
fluorescers, phosphorescent molecules, radioisotopes and 
electroactive moIe*:ies. 

united States Patent 4.313,734 describes the use of gold 
sols as labels for antibodies which are detectable without a 
Chemical change although this patent carries out the assay in 
microtitre plates rather than on strip, of absorbant material. 

Immunochromatogc^phlc strip formats provide a viable system 
for the detecmmatior. of various analytes (whether they be 
antigens or antibodies) but suffer from the limitation that they 
yield results which are at best seml-quantitatlve when, for some 
analytes. a quantitative answer is required. Accordingly, it 
would be desirable and it is an object of the present invention 
to provide a means for quantifying the results of analyses 
carried out by the use of immunochromatographlc strip formats. 
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The present Invention involves an 1«« 
for determining „ an.lyte i„ ! " t .r*""*" " * 
5 applying the test fluid to an .» I Involves 
-lows the test nuld^ S rT^rT'''^ "^^^ 
through the a«trl, by capUlarltv T i. P"'*"^; to flow 
-.>.led bXndlng partnL .^r t^e irt/"?,/"'^- - 
normally m the form of a test «t.. ,* »«trlx. which i, 

iO detection zone in which the presence or 

determined by detecting the LLi carried b'r! ^' 
P«tner. The Improvement involves /e ' . ^ ''^"'^^"^ 
the label using an Xnstru:;;t\:v:„T':' 7 ——"on 
..termxning its concentration m theretltLn™, 

providrd^a^relrXlTr'^r " •^^^^^-^ is 

Which contains Jb": sp^T :c"'b/.r"^ ^ ^^-n 

Which bears a detectabli nte anj ' "-^^te 
20 form an -naiyte/labeled bi^dL/ ""^^ "^o 

-co„d region which contli'l ' "T"^' -"'^ " °- 

thereof (captured free flLt*; --^V-* -nalo, 

application 08/3aoai9 or an TnloLi? . co-pending 
ror an epitope on the na y rwM.h"! ZT''"" '^^'"^^ 
25 which the labeled specific b.^dT «*i"inct from that to 

format,. The term analog as us^ 7 

capable of being bound J the active rfTh' " ^"^ 

partner. ®^ specific binding 

" test fi:ir:x:: Tr " '^^^^^^^-'^ -^^-^ 

thereby allowing u todtaL k 

binding pa..„er for the /ntllt? h '^^^^'c 
nuld test sample binds to the xa^TiT '"""'^ ^"""^ ^" 
5 to form the complex; leaving ex/ets ^''^'^'^^ "^"^^"^ P-""- 
partner free to further relet theVeh "" 

came, the -nalyte.labeled \i 'u„7 ""^'^ '-P»e 

unreaeted labeled binding partner 1 P*»"ner conjugate and 

to the second region which in 7' ' "^'^ caplll,..i,, 

' -ObiUzed analyte o; " 

in wnich uncompiexed 
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detectable l.bll witrlTe™? .7""*""" '^^"'^ 

-nalyte. '^^"'-^"^"^ "^"-n concentrations of 

P.O. rr;::^.^: r/;:r ^^^^^^^^ — - 

® aetection zone. For exjimni-. 



l*bele. bincin, part e;7s a rrrH""' 

i-eie. „ou,e inr.^v t ././rrr.rr: ^"^""^ '''^ 

can be captured In a ,on- . detection zone 



30 corrected, through the matrix can be 

Detailed fV^s rrtptl on of th^ rn^,>^..^„ 

The present invention is Drar-Mr..*^ w 
35 matrix throo,. „McK t J ,7::,' "es^ * 

«rip through which the test fluId fT " °' " 

.0 -::::"rr„rLr.r.r::-T„:r"""- 
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The strip can be prepared from any matrix materi-l rs. 

capillarity. The matrix can be of a material which 1, IT 
non-blbulou, lateral Uow. Thl, type of flow j!/.'! ^ °' 

U.S. Patent a, U<,„1. 7,ow J':;, ^A^of t^ 

dissolved or dispersed co«ponents of the Uquld ILTZ 
-rou,h the „atrl. at substantially e.ual r te, and w th 
relatively unimpaired flow, a, opposed to preferential retenl "n 
Of one or more component, as would be the case if the matrix 



An example of such a matrix material 1, the hloh 
III Trom'r ""-^"^'^ polyethylene sh"! 

^for use as the matrix material from which the 



Chromatographic strip, can be fabricated are .i; us m teria I 
such as paper, nitrocellulose and nylon. <»*terlal, 

use /„"'"f inununochromatographic strip format, are suitable for 
use in conjunction with the present Invention. a DartlcutJr 
suitable format 1, that which is disclosed in S s p^^e ^ 
^.446,232 wherein there is described a device for th 

Tzr:T::\ ''-'-^ °^ -rpn 

spic nc toThe , ''"■^^^ antibodies 

can flow " a '° .determined. The labeled antibodies 

"to t^e f e"""' "^'^ introduced 

into the first rone but will not so flow m rh- 

-alyte in the test fluid due to beln, bound in theirs tT" V 

interaction with the immobilized analyte , 

cyplc 1. form^aVcan^:: d^rd [I 

::r:o:m^\-::--c::s::":Tr ::t:;:T:. :tt'- - 

n.odXflcatlon, the enzyme substrate is disposed in th 
second, ImmoMlized antibody to rherebv caot °' * 

.or d between the enzyme labeled 3n.r:; an^^ ^ .te"":;:: 
sort of format Is particularly suitable for adaptation r .1 
present .n-ontion, a:thou,h any physically detectabXe Tia ^ 

interaction of an enzyme and it, substrate to provide the 
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-.etect-ble sign*!. Thus, by l««,obm»ln9 the con1uo«t:« . 
<.l3=r,.e .ecectxoa zone .oca.ed .ow„,.„..\„ th," j.T L 

-r LxX : 

bound, there are provided two zones from which ►k- w 

determine its concentration. By measuring the sion.i , 
Physically detectable property or the -etUabl, 'label IT 
second .one containln, the i™.obUl.ed analyte as th. capture 

ZinTJ.\T.T" i-obiiized r„tibo:y 

determining the ratio of these signals, the accuracy of the test 
or analyte concentration can be Increased. The accuracy "3 

labeled conjugate deposition and/or non-uniform fluid flow 
hrough the matrix. More particularly, since the aforementllild 
naccuracles of labeled conjugate deposition and .on-JZl 

do il .r "'"""^ °' """" ''"^ significant magnitude, they 

do not disturb substantially the binding equilibrium Ther;f;rr 
the ratxo of the signal. In the two binding zones Is a mlrl 
:re?th:;"'"'\" ^"^^ "-^^''^ concentration \han Is the si;:! 
rorce When the previously described sandwich assay format i. 



provided . "Hle^t ^-^^ invention, there Is 

llZTTr^/ spectrometer with mean, for moving the 

oi whlch V. "'"'"^ " ^-^^ "'^^^ " - specimen tab^: 

on Which the strip 1, placed which can be moved laterally under 
the read head of the detector. In the case of the JeleZlZ 

1=111! . ' spectrometer. This technique will 

ass St m providing accurate quantitation for regions of 111 
strip Hich may not have been precisely located wi!h spect o 
the detection means of the spectrometer. More specificaiw th! 
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The method of practicing the present Invention 1. , 
Illustrated by the following examples: '"''^ 

Q uantitation of HSA In a Slncle Binnv..^ Band Fo ^.^ 

1«™«H??/T'*°"''"'"'*'*'^"'""* "'''P containing a blocXlng band ot 
InunobUlzed HSA and a broad area of antl-HSA:,old sol Ljugale 
in an Inunoncdyne- nylon .e»brane was prepared. This strip 1, 
3 orr^H ' "^^'^ 10 contains blocKln, band 

I'^^lir Tn\t\T = -1 containing region 5 and the 

"uows: " P"P-"<* " 

A 4.2 X 12.6 centimeter piece of Inununodyne® membrane was 
Pl-ced on a Comag Thin Layer Chromatography (tlc) stripping 
apparatus with the long side parallel to the base and offset fc! 

seruTrir*." r'''" ' ^ 

serum albumin (HSA, with a concentration of ,0 «g/mL was prepared 
in Phosphate buffered saline ,pbs; 0.137 „ ,odlum chloride. 
0.0 27 „ potassium chloride. 0.010 M potassium phosphate. pH 

HsI ^ol °' - « Of the 10 mg/ml. 

HSA solution was stripped using the following settings of the TLC 

3 cri pper : 

(a) plate » 90. (b, band > 60. (c, sec/pL * 6. 
(d) volume ■ 6 uL. 

This gave a band 6 cm long and approximately 1 wide. The 
llTllltT^' - —V Of 100 

After 3 minutes the membrane was removed from the TLC 
«rxpper and placed 1„ a flat plastic tray containing O.S^casIln 

Hammerstem from Sc.lesXnger, In phosphate buffered saline 
.from Sigma) and gently rocKed on an orbital shaKer for 0 
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At this point a wash buffer was prepared as 0.02% sodium 
azlde, 0.02* Tween 20 and 0.1% PEG 20 In PBS. The membrane was 
removed from the cdseln blocking solution and was twice washed 
with 25 mL of wash buffer for 30 mlnutas with gentle rocking on 
an orbital buffer whereupon the membrane was removed from the 
wash buffer and allowed to dry overnight at room temperature. 

Cold sol was prepared by adding 2.0 mL of a lO mg/mL 
solution of acid gold chloride raonohydrate (HCl.AuH.O) to a 
refluxlng lOCc solution of trl-sodlum citrate <0. 00155 MJ The 
refluxlng was continued for 30 minutes " and then cooled and 
filtered through a 0.2 pM filter. Antibody-gold sol conjugate 
(Ab.golJ sol) was prepared by adding 240 nq of monoclonal 
antibody against human serum albumin and 50 pL of O.l M potassium 
carbonate to 10 mL of the gold sol solution prepared as described 
above and the mixture was allowed to stir vigorously for 15 
minutes, whereupon 0.5 ml. of 1% (w/v) PEG-20 was added followed 
by another 10 minutes of vigorous stirring. At this point. 1.0 
mL Of 10% bovine serum albumin (BSA) In water was added and the 
mixture stirred vigorously for 10 minutes. The Ab:gold sol was 
isolated by centrl f ugatlon at 14,500 X g for 30 minutes at 20»C 
and then washed 10 times by suspending it In a wash buffer (l". 
BSA, 0.05% PEG-20. 2 mM sodium borate, pH = 9.0) and isolated by 
centrl f ugatlon as described above. After the fi„.,i 

centrlfugatlon, the Ab:gold sol was suspended in 1.0 mL of w<,;h 
buffer and stored at 4''c. 

The dried membrane described above was again placed on the 
TLC stripper at an offset of 1 cm Ir. the Y direction as before 
A mixture Of 40 PL of Ab:gold sol, 20 t^L of 4% casein and 20 uL 
of 1% Methocel (K4M) * 0.6% polyvinyl alcohol (pva) was prepared 
and seven adjacent bands were stripped *.s before between the Y 
positions of 2.3 and 2.9 cm. The strip was allowed to cry at 
room temperature and slit into 0.5 cm wide strips before ..se. 

A medium specific gravity (S.G.»l.0l7) pool of urine was 
filtered through an ultrafiltration membrane which held back 
proteins la:-ger than 30.000 daltons. The filrrate was used to 
prepare HSA s.tlutions of various known concentrations by spiking 
them with an KSA solution of known concentration. 
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0.5 cm (on the enn «f aepth of approximately 

reach the top of the atrio tk •"^""Ces for the liquid to 

m-tor' 1 and analvzed Plastic tryclte handle 



Of developed with 3.„pie, of an ultrafiltrate 

.V ™ea3.rin/rhe /eflec rce^r "7" — — n we.e .ead 
Photo.eter with ,ca„„ : f " „ce 

one «iiu»ec.. Off i.3 Jnd JtJeen^^easrelUr ^"^^ 

3..pir n„i?"ririiie;':;\rd ""^^ -^^^ 

were counted on plastxc handl " ^^-e/ 

(toward the .a.ple application end, fro. the HSA VaTd 3 i, ^ 
Which was Visible due to the bound Ab:gold sol The strln 
Chen Placed on the read table of a CTIOO reflectanle oho^ 

strip. "efirlrre" oT ti: 10'' d '"^ °' ^^"^ 

measured atter which 1 I P^'^^^^" then 

- strip pushe:^:: ih:\:d :;\h?:e:r Tbie^^ ^rhe-i;-^ 

Which was 3 ™ pas: the Hs^r T'""* corresponded to a point 
move the read J.T.h """" ^«^h"l<Jue was used to 

.-nd, sinrsoTttr^^"z ^vr^^^^^^^^^ ---^ 

With the proper software in place t.e . T 
'S can be scanned b. ™ovi„, ..^VeVd table irth^tT 

-.brane laminate past the readhead ^"'^ 

The results of this experiment are graphicallv 
by Fig. 2, ytapnicaily illustrated 



40 



_218B»«A1J_> 



10 - . _ « 



2 ' w 9 



From Fig. 2 it c«„ bo dete.-mlned that the depth of the 
troughs or the reflectance scans of Immunochromatographl - -trio, 
^eveioped wth urine sample, containing various concentrations It 
HSA are rflrectly proportional to HSA concentration and a dose 
Z7Z T reflectance, .ven though the goL 

Wred h T "^'^ ""-tance i, 

lowered by between 10 and 15* when the band Is In the read area. 

ZctotJi . reflectance is detected even though 

wllJ the ,H '-"^'^^ ''-^'^9 measured along 

with the gold sol band. 

If - mask with a narrow silt were added to the readhead 
V.^"":. T °' reflectance would be greatly increased because 

the high reflectance white area would not be m the read area at 

^ouir"',?"* increased reflectance 

would allow better discrimination between analyte (HSA) 
concentrations. «ith the stepping motor, the spectrophotometer's 
strip table can be moved slowly through any area on the strip 
while taking consecutive readings to give good resolution for 
finding trough reflectances or areas in the troughs since the 
stepping motor can be moved a fraction of one revolution at a 
t. Lroe . 

Example II 

guantitatlon of HSA in ^ Format Conta.n.n. . o,..^- Band and . 
Cap ture Zone ~ 

An immunochromatographic strip was prepared according to the 
methods of Example 1 and the format of Fig. 3. Referring to Fig. 
3. the strip 10 has a blocking bard of inuncbilized HSA 3. a mouse 
Zl:"!^'^''* conjugate zone 5 and a capture band of 

lmn,obUi«d goat anti-mouse IgG antibody 9. in preparing this 
band, a solution of goat antl-.ouse IgG (sigma 8770, with a 
concentration of 5 mg/..„L was prepared in 0.135 H sodium chloride. 
Th.s was stripped as described above at a Y distance of 4.0 c^ 

I-olicaVr'"' '° °' ^'"^ »-Ple 

e^p icatlon .one 7 is immersed in a sample cont.l.Mng HSA to a 

oepth less than that needed to immerse the conjugate .one 5. 

fiuxd wm flow upward from the sa»:ple ^y caplllarv action. The 
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aSA In the sample uiu complex with the gold 9Jl:a„tr HSA In the 

!hlirt!%"" "^^^ conjugate 

Which 13 free since It did not find a. y HSA to bind as there was 
a molar excess of conjugate to HSA l„ the sample. The free 
. conjugate will bind the immobilized KSA In the blocking band 3 
while the gold sol-antl HSA:HSA complex will continue to flow uo 
the strip Where It win be bound by the Immobilized goat antl 
mouse igG antibody In the capture band 9. 

r 

Strip, of this format were developed with samples of medium 
SC urine ultraf lltrate containing concentrations of hsa of 0 
0.5, 0.8. 1.0, 1.5 and 2.0 mg/d".. Duplicate strips foe each HSA 
concentration were run. Reflectance data at 557 nm was collected 
on the CTIOO using a method for visually aligning the bands 'in 
the center of the 10" pad position. The 10^ pad position 
occupies the 5 mm portion adjacent to the end of the Multlstlx* 
10 SG urine strip product. The Multlstlx 10 SG product Is an 
approximately 10.9 cm long by 5 mm wide by 0.5 mm thick piece of 
Plastic to Which 10 paper pads containing dried reagent= each 5 
mm by 5 mm are attached. The 10^ pad Is aligned evenly with one 
• nd of the plastic and the spacing between the pads is 2.5 mm 
leaving a 3 . 4 cm piece of the plastic at the other end which has 
no pads and serves as a handle area. m Fig. 4a there are 
\T.T T experiment in terms of reflectance. 

H^. K Z,^"''*' t» from the Immobilized 

HSA band 3 (Fig. 3,. chedpse response to HSA is linear in term. 
Of reflectance (R) with tvo outlying values. The response of the 
goat anti-mouse Igc band 9 ,Fig. 3) to HSA, as represented In 
rig. 4b, is .nore scattered and most of the reflectance drop 
occurred becween 0 a.nd 0.5 mg/dL HSA. However, when the 
reflectance value for the HSA band Is ratloed to the reflectance 
(R) value for the goat antl -mouse IgG band the variability 
decreases 03 can be determined from Fig. 4c which plots the 
concentration of HSA against t.^e ratio of reflectance of the HSA 
band CO the reflectance of the goat ant I -mouse igG ban^i." A 
curved but smooth dose rsspc.so to HSA concentration is observed 

^J2\T' --^<' — to 

ef': ! as th""T"' '^''^ -'^^^ — 

e .e.t as the ratio Itself. x^us. the determir.tio.n of tne ratio 

Of these two reflectance values corrects for the variability of 
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Che conjuqate deposition during reagent preparation, and any 
unevonneas in the fluid flow during the development of the strip 
with sample. I.e. if there- is less gold sol:anti HSA on one strip 
than on another^ the ratio of the two bands will provide a result 
5 which is corrected for the unevenness in preparation. Unevenness 
in fluid flow during development of the strip can corrected 
Cor in a similar manner. 

Exaaple III 

10 

Quantitation of HSA and IqG in a Dual Blocking Band Format 

Imfflunochromatography strips were constructed to measure both 
human serum albumin (HSA) and human (H) tgG in order to quantify 

15 each of these analytes independently. The strips were prepared 
from Xmfflunodyne'^ nylon according to the scheme of rig. 5 to 
comprise a sampie application rone 1 followed by a zone 3 
containing gold sol labeled anti-HSA and gold sol labeled antl- 
(H)IgG conjugates. The strip contained two blocking bands; the 

20 first blocking band 5, containing immobilized HSA, and the second 
blocking band 7, containing immobilized (H)IgG. 

These strips were developed with test samples of an 
ultraf iltrate of medium SG urine containing 0, 5, 10, 15, 20, 30 

25 and 40 rag/L HSA along with either 0 IgG cr 100 mg/L (H)IgC. Two 
strips for each HSA concentration were examined by measuring the 
reflectance at 557 nm on a CTIOO reflectance photometer by 
physically cutting and aligning the strip in the 10— pad 
position of the MultistixS SG strip to obtain reflectance 

30 readings. Fig. 6 graphically represents the reflectance for 
samples containing both HSA and (H)IgG blocking bands using test 
samples which did not contain IgG. Fig. 7 shows similar data for 
test sampl#>s containing 100 mg/L (H)IgG along with the various 
concentrations of HSA. From the data of Fig. 6 it can be 

35 determined that the reflectance of the hfA blocking band is 
directly proportional to the HSA concentration in the sample and 
the reflectance of the (H)IgG blocking band is approximately 0.89 
(based on a maximum total reflectance of l.O) due to the gold 
30i:anti (K)IgG which binds to it in the ab:5Gnc * of (H)IgG in the 

40 sample. The data in Fig. 7 show the same direct proportionality 
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Of the reflectance to HSA concentration as do the data in Fig. 6, 
but the reflectance of the (H)IgG band la higher (0.91-0.92) due 
to the 100 mg/L (H) IgG In the saaple. The (H)IgG binds to the 
gold 8ol-antl(H)rgG conjugate and will not allow it to bind to 
the immobilized (H)IgG in the (H)IgG blocking band. This 
demonstrates that the dose response to HSA is the same in the 
presence or absence of (H)IgG and that there Is a separate dose 
response to (H)IgG. Accordingly, by using a strip with mixed 
gold sol antibody conjugates against two different analytes and 
In separate regions having immobilized bands of these analytes of 
analogs thereof, one can obtain a ?«parate instrumental ly 
detectable dose rejponse to each analyte. This is important 
because it enables one to quantitate acre than one analyte using 
a single imnunochromatographic strip. 

While the foregoing examples demonstrate the captured free 
format, it can readily be understood that the ratioing concept 
can be applied to the sandwich format with equal efficacy since 
either format will provide a detectable signal m the second 
detection zone which can be ratloed with the signal in the third 
zone. 
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MAT 13 CLAIMED IS- 



1. A method for determining the concentration of one or more 
analyte In a fluid test sample which comprises: 

5 

a) providing a test strip comprising a matrix through 
which the fiuid test sample can flow by capillarity wherein 
a first region of the strip contains mobile specific binding 
partner for the analyte which bears a detectable label and 

react with the analyte to form an analyte/Ubeled 
binding partner complex and at least one second region which 
contains an ifflmoblllzed analyte or analog thereof or an 
immobilized second specific binding partner for an epitope 
of the analyte which Is distinct from that epitope to which 
^5 the labeled specific binding partner is specific; 

b) developing the strip by applying the fluid test sample 
suspected of containing the analyte thereto thereby allowing 
It to contact the mobile, labeled specific binding partner 

20 for the analyte whereby analyte present in the fluid test 

sample binds to the labeled specific binding partner to form 
the complex leaving excess, unreacted labeled binding 
partner free to further react whereby the fluid test sample 
carries the analyte/labeled binding partner complex and 
25 unreacted labeled binding partner along the strip by 

capillarity to the second region containing the immobilized 
analvte or analoar-*^ereof or second specific binding 
partner in which region unreacted labeled binding partner Is 
bound to the immobilized analyte in inverse relationship to 
the concentration of analyte in the fluid test sample or the 
analyte/labeled binding partner complex is bound to the 
immobilized second specific binding partner in direct 
relationship to the concentration of ar lyte in the fluid 
test sample to thereby immobilize the labeled binding in the 
35 second region; 

c) reading the developed strip on an instrument having a 
detector capable of measuring the signal from the detectable 
label to determine the concentration of the labeled binding 

•'O partner in the second region; and 



30 
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10 



15 



determining the concentration of «alyte l„ the riuld 

label ™e«„re<* m ,tep c, with the «ea,«re»e„t3 oe ,' 
signal made In a sLIlar manner u.Ing flu./ , * 

containing known concentration, of analyte 

2. The method of claim I wherein there Is a thlrrt . 

-trip Which contain, mean, for lmmoblli,i' ' e ^ " 

Mnaing partner complex which did not bind In the 

and measuring the signal fro- the detectable la^..'*^""" 

this thi-^ ^ . aetectable label Immobilized In 



J. 



20 



25 



libell^'bil^r ' - — -bile 

labeled binding partner, on the strip in the same or different 

or r„:L*"^r co„tal„i„g immobilized a^a"::, 

or analog, thereof or second specific binding partners so th!! 
two or -ore analyte, can be determined In a ,ingie te.t 

5. The method of claim 1 wherein the .n,trume«t . 
reflectance spectrometer. -nstrument is a 

30 6. The method of Claim 1 wherein the matrix 1, comorl,.^ , 

material .hich i, capable of non-blbulou, lateral oV I 

bibulous material. or a 
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The method of Claim 8 wherein the colored species is a gold 

soi. 

10. The method of Claim 1 wherein the labeled binding partner is 
an antibody. 

11. A method for quantitatively determining the concentration of 
one or more analyte in fluid test sample which comprises the 
steps of: 

a) providing a test strip comprising a matrix through 
which the fluid test sample can flow by capillarity said 
strip having a first region wherein the first region 
contains mobile specific binding partner for the analyte 
which binding partner bears a detectable label and can react 
with the analyte to form an analyte/labeled binding partner 
complex, at least one second region which contains an 
immobilized analyte or analog thereof or an Immobilized 
specific binding partner which is specific for an epitope on 
the analyte different than that to which the labeled binding 
partner is specific and at least one third region which 
contains means for immobilizing the labeled specific binding 
partner which does not bind in the second region; 

b) developing the strip by applying the fluid test sample 
suspected of containing the analyte thereto to allow it to 
contact the mobile specific binding partner whereby analyte 
present In the fluid test sample binds to the labeled 
specific binding partner to form the complex leaving excess, 
unreacted labeled binding partner free to further react 
whereby the fluid test sample carries the analyte/labeled 
binding partner complex and unreacted labeled binding 
partner along the strip by -raplllarlty to the second region 
containing the immobilized analyte or analog thereof in 
which region unreacted labeled binding partner is bound to 
the Immobilized analyte in Inverse relationship to the 
concentration of the analyte In the fluid test sample or is 
bound to the Immobilized seconJ specific binding partner in 
a direct relationship to the concentration of analyte In the 
fluid test sample; and the labeled specific binding partner 
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Which did not bind in the second region la c«rrl-d >, 
th. third ion. „i ch. d«v.lop«i ,„ , 

third zone of the strip; Partner 1 the 

bndlng partner Inunobllized in the second region to l,, 
-Xgn-I ,ro. the labeled binding partner in the t'hlrd reglo"': 

o) determining the concentration of the analyte in the 
fluid test ,a«ple by co.parlng the ratio of the eignal, 
measured In step c with m,=. signals 
th^ , measurements of the ratios of 

the signal, measured 1„ a , °J 

containing known concentrations of the analyte. 

12. The method of Claim 11 wherein t-v-. 

bibulous material. lateral flow or a 

go'id «'«erel„ the detectable label 1, a 
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